1. Introduction {#sec1-ijms-21-04732}
===============

Melanin is composed of pheo- and eumelanin. It is synthesized by specialized organelles, melanosomes, in melanocytes in the skin after exposure to stimulating factors, including UV light and stress. Melanocytes are located in the epidermal‒dermal junction and transfer melanosomes to the surrounding keratinocytes. The primary role of melanin, in particular eumelanin, is to determine the coloration of human skin, eyes, and hair. In addition, it protects against photo-damage caused by ultraviolet radiation by scavenging free radicals or dispersing UV light \[[@B1-ijms-21-04732],[@B2-ijms-21-04732],[@B3-ijms-21-04732],[@B4-ijms-21-04732],[@B5-ijms-21-04732],[@B6-ijms-21-04732]\]. However, the excessive expression of melanin can result in the development of hyperpigmentation disorders, including melanoma, freckles, lentigo, and blotches \[[@B7-ijms-21-04732],[@B8-ijms-21-04732]\].

Melanogenesis is related to a complex signaling process that occurs within melanocytes and involves melanogenic enzymes, such as tyrosinase and tyrosinase-related protein (TRP)-1 and -2. Tyrosinase is a key enzyme in the process of melanogenesis and catalyzes the oxidation of [l]{.smallcaps}-tyrosine and [l]{.smallcaps}-3,4-dihydroxyphenylalanine (L-DOPA) into DOPAquinone. DOPAquinone undergoes intramolecular cyclization to form cycloDOPA, which is further oxidized into DOPA chrome. DOPA chrome is then transformed into 5,6-dihydroxyindole-2-carboxylic acid (DHICA) and 5,6-dihydroxyindole (DHI) by dopachrome tautomerase (TRP-2) and tyrosinase. Finally, DHICA is oxidized by TRP-1 or tyrosinase to produce eumelanin \[[@B9-ijms-21-04732],[@B10-ijms-21-04732],[@B11-ijms-21-04732],[@B12-ijms-21-04732]\].

Recent studies have indicated that microphthalmia-associated transcription factor (MITF) expression is strongly related to melanogenic enzyme expression, which contributes to melanogenesis in B16F10 cells \[[@B13-ijms-21-04732],[@B14-ijms-21-04732],[@B15-ijms-21-04732]\]. That is, when the skin is stimulated by ultraviolet radiation (UVR), the production of intracellular α-melanocyte-stimulating hormone (α-MSH) increases, which binds to melanocortin receptor 1 (MC1R) and activates adenylate cyclase (AC) to increase cAMP levels. Then, increased cAMP enhances MITF transcription by increasing protein kinase A (PKA) and cAMP response element-binding protein (CREB) phosphorylation \[[@B16-ijms-21-04732],[@B17-ijms-21-04732]\].

The mitogen-activated protein kinase (MAPK) family, comprised of extracellular signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK), and p38, has been implicated in melanogenesis through the regulation of MITF expression \[[@B18-ijms-21-04732],[@B19-ijms-21-04732],[@B20-ijms-21-04732]\]. An increased phosphorylation of ERK decreases the transcription of tyrosinase activity and MITF, which inhibits melanin synthesis \[[@B21-ijms-21-04732]\]. In addition, decreased JNK and p38 phosphorylation reduces the expression of MITF, leading to anti-melanogenesis \[[@B22-ijms-21-04732],[@B23-ijms-21-04732]\]. Moreover, it has been reported that the activation of the protein kinase B (AKT) signaling pathway is related to increased MITF degradation and decreased melanogenic enzyme expression, thereby inhibiting melanogenesis \[[@B24-ijms-21-04732],[@B25-ijms-21-04732]\]. Therefore, according to recent studies, the MAPK/AKT signaling pathway is considered a strategic target for the regulation of melanogenesis.

Resveratrol (3,5,4′-trihydroxy-trans-stilbene) is a polyphenolic compound and a phytoalexin that is produced by several plants when wounded or under attack by bacteria or fungi. Resveratrol is found in berries, peanuts, grapes, and it has antioxidative, neuroprotective, and cardioprotective properties \[[@B26-ijms-21-04732],[@B27-ijms-21-04732],[@B28-ijms-21-04732],[@B29-ijms-21-04732],[@B30-ijms-21-04732],[@B31-ijms-21-04732]\]. Many researchers have studied this compound for potential applications in human health. However, resveratrol is unstable in the environment; it is very sensitive to UVR, air, and strong pH and is easily deformed. Thus, many resveratrol derivatives have been studied, and studies have found that methylated resveratrol derivatives have a good bioavailability and bioactivity \[[@B32-ijms-21-04732],[@B33-ijms-21-04732],[@B34-ijms-21-04732]\]. One of the methylated resveratrol derivatives, pinostilbene hydrate (3,4′-dihydroxy-5-methoxystilbene), has been demonstrated to exert strong neuroprotective activity, as well as have anti-cancer effects on human colon cancer cells and anti-metastatic effects on human oral squamous cell carcinoma (OSCC) cells \[[@B34-ijms-21-04732],[@B35-ijms-21-04732],[@B36-ijms-21-04732],[@B37-ijms-21-04732]\]. In addition, glycosylated pinostilbene hydrate has a radical scavenging activity and an inhibitory effect on tyrosinase \[[@B38-ijms-21-04732]\]. However, the anti-melanogenic effects of pinostilbene hydrate in B16F10 melanoma cells has not yet been investigated. Therefore, in this study, we investigated the anti-melanogenic effects of pinostilbene hydrate (PH) on B16F10 cells to elucidate the underlying inhibitory mechanism.

2. Results {#sec2-ijms-21-04732}
==========

2.1. Effects of PH on the Viability of B16F10 Melanoma Cells {#sec2dot1-ijms-21-04732}
------------------------------------------------------------

Cell viability was assessed using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. To determine the treatment range without PH cytotoxicity against B16F10 cells, the cells were treated with various concentrations of PH (1.57--25 µM) for 72 h. The results showed that the viability of the cells decreased by 65% after treatment with 25 µM PH. Otherwise, there was no cytotoxic effect on cell proliferation at the indicated concentrations (1.57, 3.13, 6.25, and 12.5 µM) compared with the untreated control cells ([Figure 1](#ijms-21-04732-f001){ref-type="fig"}). PH at 1.57, 3.13, 6.25, and 12.5 µM was used for subsequent experiments with B16F10 cells.

2.2. Effects of PH on Melanin Content and Tyrosinase Activity {#sec2dot2-ijms-21-04732}
-------------------------------------------------------------

To confirm the effects of PH on melanin synthesis and tyrosinase activity, cells were treated with the indicated concentrations of PH, followed by tests to determine the melanin content and tyrosinase activity. α-MSH (200 nM) and arbutin (100 μM) were used as negative and positive controls, respectively. As shown in [Figure 2](#ijms-21-04732-f002){ref-type="fig"}a, the melanin content of α-MSH-treated cells increased by 21% compared with the untreated control cells. In contrast, the highest concentration of PH (12.5 µM) treatment significantly decreased melanin synthesis by 34%, compared with α-MSH-treated cells. To determine the role of tyrosinase activity in the inhibitory effects of PH on melanin synthesis, we performed a tyrosinase activity test. As shown in [Figure 2](#ijms-21-04732-f002){ref-type="fig"}b, the tyrosinase activity of the negative control group increased by approximately 78% compared with the unstimulated cells. The tyrosinase activity of the 3.13, 6.25, and 12.5 µM PH-treated groups was found to decrease by 22%, 52%, and 63%, respectively, compared with the negative control group. The tyrosinase activity in the positive control group decreased by 38% compared with the negative control group. These results indicated that the inhibitory effects of PH on melanin synthesis is strongly related to the inhibition of tyrosinase activity.

2.3. Effects of PH on Melanogenic Enzymes and MITF Expression in B16F10 Cells {#sec2dot3-ijms-21-04732}
-----------------------------------------------------------------------------

Melanogenic enzymes, such as tyrosinase and TRP-1 and -2, play important roles in the process of melanogenesis. MITF, a transcriptional factor, regulates melanogenic enzymes and melanogenesis. To determine the expression of these proteins, we performed a Western blotting assay \[[@B13-ijms-21-04732],[@B14-ijms-21-04732],[@B15-ijms-21-04732]\]. As shown in [Figure 3](#ijms-21-04732-f003){ref-type="fig"}, the expression of melanogenic enzymes in B16F10 cells was found to be significantly decreased in a concentration-dependent manner, compared with α-MSH-treated cells. In particular, the highest concentration PH treatment groups showed significantly reduced protein expression relative to the untreated control cells. To understand the transcriptional regulation of melanogenic enzyme inhibition, we evaluated the effects of PH on MITF expression. As shown in [Figure 4](#ijms-21-04732-f004){ref-type="fig"}a, the time interval results indicated that PH treatment for 3 h reduced MITF expression the most. As a result of processing PH for 3 h in a subsequent experiment, it was confirmed that MITF expression was decreased in a concentration-dependent manner ([Figure 4](#ijms-21-04732-f004){ref-type="fig"}b). These results demonstrated that melanogenic enzyme expression was reduced by the attenuation of MITF expression.

2.4. Effects of PH on the MAPK Signaling Pathway in B16F10 Cells {#sec2dot4-ijms-21-04732}
----------------------------------------------------------------

To confirm that PH inhibits MITF expression via the MAPK signaling pathway, MAPK phosphorylation was investigated. As shown in [Figure 5](#ijms-21-04732-f005){ref-type="fig"}, PH significantly increased ERK phosphorylation and decreased p38 in a concentration-dependent manner. However, it did not affect JNK phosphorylation. To determine whether an increase in ERK phosphorylation is involved in inhibiting tyrosinase activity, a specific ERK inhibitor, PD98059, was used. As shown in [Figure 6](#ijms-21-04732-f006){ref-type="fig"}, the tyrosinase activity enhanced by α-MSH, α-MSH, and PD98059 cocktails was attenuated by PH treatment. The results confirmed that PH inhibits melanogenesis by attenuating MITF expression via the ERK and p38 signaling pathways in the cells.

2.5. Effects of PH on the AKT Signaling Pathway in B16F10 Cells {#sec2dot5-ijms-21-04732}
---------------------------------------------------------------

Recent studies have reported that the increased phosphorylation of AKT attenuates melanogenesis in B16F10 cells \[[@B24-ijms-21-04732],[@B25-ijms-21-04732]\]. Thus, to confirm that PH is related to the regulation of AKT phosphorylation, we treated α-MSH-stimulated cells with various concentrations of PH. The results showed that the phosphorylation of AKT was significantly increased in a concentration-dependent manner ([Figure 7](#ijms-21-04732-f007){ref-type="fig"}), suggesting that PH decreases melanogenesis by increasing AKT phosphorylation.

2.6. PH Inhibits Melanogenesis in Normal Human Epidermal Melanocytes {#sec2dot6-ijms-21-04732}
--------------------------------------------------------------------

To confirm that the hypopigmentation effects of PH in murine melanoma cells also affect normal human melanocytes, we examined the melanin content and tyrosinase activity in human epidermal melanocytes treated with PH. α-MSH (200 nM) and arbutin (100 μM) were used as a negative and positive control, respectively. As shown in [Figure 8](#ijms-21-04732-f008){ref-type="fig"}, the melanin content and tyrosinase activity of α-MSH-treated cells increased by 23% and 24%, respectively, relative to the untreated control cells. In contrast, in the arbutin-treated group, tyrosinase activity was decreased by 9% and 22%, respectively, compared with the α-MSH-treated group. The melanin content of 3.13, 6.25, and 12.5 µM PH-treated groups was decreased by 2%, 20%, and 38%, respectively, compared with the α-MSH-treated group. In addition, the tyrosinase activity of the 3.13, 6.25, and 12.5 µM PH-treated groups was decreased by 40%, 52%, and 68%, respectively, compared with the α-MSH-treated group.

3. Discussion {#sec3-ijms-21-04732}
=============

Various polyphenolic compounds with bioactive effects exist in natural products and have been studied extensively \[[@B39-ijms-21-04732],[@B40-ijms-21-04732]\]. The bioactive effects of resveratrol, a polyphenolic compound, are already documented. However, resveratrol is unstable in the environment. As a result, many derivatives of resveratrol have been studied, including PH \[[@B32-ijms-21-04732],[@B33-ijms-21-04732],[@B34-ijms-21-04732]\]. In this study, we focused on the anti-melanogenic effects of PH and performed a mechanistic study to elucidate the signaling pathways in B16F10 cells. As a result, the treatment of α-MSH-stimulated cells with PH was found to attenuate melanogenesis. To determine the effects of PH on melanogenesis, tests for melanin content and tyrosinase activity were performed. In addition, Western blotting assays were used to confirm the protein levels of melanogenic enzymes, such as tyrosinase and TRP-1 and -2, as well as the transcriptional factor MITF. Western blotting was used to determine the effects of PH on the phosphorylation of MAPK and AKT. Lastly, tests for determining melanin content and tyrosinase activity were also performed to evaluate the effects of PH on melanogenesis in normal human melanocytes.

To determine the concentration of PH at which there is no cytotoxicity, MTT assay was performed. The results indicated that at concentrations 1.57, 3.13, 6.25, and 12.5 µM, PH did not affect cell viability ([Figure 1](#ijms-21-04732-f001){ref-type="fig"}). In addition, the PH treatment of α-MSH-stimulated cells decreased tyrosinase activity and melanin content in a dose-dependent manner ([Figure 2](#ijms-21-04732-f002){ref-type="fig"}).

Several studies have previously shown that the expression of melanogenic enzymes (tyrosinase, TRP-1, and TRP-2) is transcriptionally regulated by MITF, resulting in a decrease in melanogenic enzyme expression and the inhibition of melanogenesis in B16F10 melanoma cells \[[@B13-ijms-21-04732],[@B14-ijms-21-04732],[@B15-ijms-21-04732],[@B16-ijms-21-04732],[@B17-ijms-21-04732]\]. Our results showed a decrease in the expression of MITF, as well as melanogenic enzymes, after PH treatment in α-MSH-induced cells in a concentration-dependent manner ([Figure 3](#ijms-21-04732-f003){ref-type="fig"} and [Figure 4](#ijms-21-04732-f004){ref-type="fig"}). These results demonstrated that PH has an effect on MITF inhibition, which results in decreased melanogenic enzyme expression and leads to the downregulation of melanogenesis.

The AKT signaling pathway has been proposed to be involved in melanogenesis in B16F10 cells. Increased AKT phosphorylation decreases the phosphorylation of CREB to inhibit MITF expression and prevent the binding of MITF to the tyrosinase promoter, resulting in anti-melanin production \[[@B24-ijms-21-04732],[@B25-ijms-21-04732]\]. To evaluate whether PH affects the AKT signaling pathway, we examined the level of AKT phosphorylation using Western blotting assays. Our results showed that PH significantly increased the phosphorylation of AKT ([Figure 7](#ijms-21-04732-f007){ref-type="fig"}), indicating that PH attenuates MITF expression via the activation of AKT phosphorylation, which results in anti-melanogenesis.

Previous studies have reported that MAPK signaling pathways are involved in melanogenesis. In MAPK, p38 and JNK phosphorylated MITF, modulating its transcriptional activity in response to specific environmental stimuli. Therefore, the suppression of p38 and JNK phosphorylation leads to the inhibition of melanogenesis via decreased MITF expression \[[@B41-ijms-21-04732]\]. In contrast, the activation of ERK phosphorylation suppresses melanogenesis \[[@B21-ijms-21-04732],[@B22-ijms-21-04732],[@B23-ijms-21-04732]\]. Previous reports have demonstrated that the phosphorylation of ERK induces MITF degradation via the ubiquitin-dependent proteasome pathway by phosphorylating serine 73 of MITF, which results in the inhibition of tyrosinase transcription \[[@B15-ijms-21-04732],[@B42-ijms-21-04732]\]. As shown in [Figure 5](#ijms-21-04732-f005){ref-type="fig"}, PH significantly increased the phosphorylation of ERK and decreased p38 in a concentration-dependent manner. However, PH did not affect JNK phosphorylation. Thus, to confirm whether the ERK pathway is involved in melanogenesis, PD98059, an ERK inhibitor, was used. As shown in [Figure 6](#ijms-21-04732-f006){ref-type="fig"}, the tyrosinase activity enhanced by α-MSH, α-MSH, and PD98059 cocktails was attenuated by PH treatment. In addition, tyrosinase activity was inhibited by PH, but due to the ERK phosphorylation inhibitory action of PD98059, tyrosinase activity was less inhibited in the α-MSH, PD98059 and PH treated group compared to the α-MSH and PH treated group. This suggested that ERK phosphorylation is related to tyrosinase activity. Therefore, results demonstrated that PH inhibits melanogenesis by attenuating MITF expression via the ERK and p38 signaling pathways in the cells. Additionally, to confirm that the anti-melanogenic effect of PH in murine melanoma cells also affects normal human melanocytes, we measured the melanin content and tyrosinase activity in human epidermal melanocytes treated with PH. As a result, tyrosinase activity and melanin contents were found to be inhibited by PH treatment ([Figure 8](#ijms-21-04732-f008){ref-type="fig"}), indicating that PH may also affect anti-melanogenesis in normal human melanocytes.

In summary, this study is the first to evaluate the anti-melanogenic effect of PH, which was found to decrease melanogenesis in B16F10 cells. Additionally, our data showed that PH increased ERK and AKT phosphorylation and decreased p38 phosphorylation in MAPK/AKT signaling pathways, which resulted in MITF suppression, leading to anti-melanogenic effects. We also found that the tyrosinase activity and melanin content were inhibited by PH treatment in B16F10 melanoma and normal human melanocytes cells. The data reveal that PH attenuates melanogenesis by activating ERK and AKT and inhibiting p38 phosphorylation in MAPK/AKT signaling pathways. Therefore, the results suggested that PH has potential for use in the treatment of hyperpigmentation disorders. Additionally, PH could be used as a component in skin-whitening products. However, further studies will be needed in order to evaluate the safety and efficacy of PH.

4. Materials and Methods {#sec4-ijms-21-04732}
========================

4.1. Chemicals and Reagents {#sec4dot1-ijms-21-04732}
---------------------------

Pinostilbene hydrate, dimethyl sulfoxide (DMSO), α-MSH, NaOH, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), radioimmunoprecipitation assay (RIPA) buffer, protease inhibitor cocktail, and L-DOPA were purchased from Sigma-Aldrich (St. Louis, MO, USA). Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum (FBS), penicillin/streptomycin (P/S), trypsin--ethylenediaminetetraacetic acid (T/E), bicinchoninic acid assay (BCA) kit, and PD98059, an ERK inhibitor, were obtained from Thermo Fisher Scientific (Waltham, MA, USA). Antibodies against tyrosinase, TRP-1, TRP-2, and MITF were purchased from Santa Cruz Biotechnology (Dallas, TX, USA). Antibodies against phospho-p38, p38, phospho-JNK, JNK, phospho-ERK, ERK, phospho-AKT, AKT, and β-actin were obtained from Cell Signaling Technology (Danvers, MA, USA). An enhanced chemiluminescence (ECL) kit, phosphate-buffered saline (PBS), radioimmunoprecipitation assay (RIPA) buffer, and 2× Laemmli sample buffer were obtained from Biosesang (Sungnam, Gyeonggi-do, Korea) and Bio-Rad (Hercules, CA, USA), respectively.

4.2. Cell Culture {#sec4dot2-ijms-21-04732}
-----------------

Murine melanoma B16F10 melanoma cells were obtained from the Korean Cell Line Bank (Seoul, Korea) and cultured in phenol red-free DMEM supplemented with 10% FBS and 1% penicillin/streptomycin in a humidified atmosphere containing 5% CO~2~ at 37 °C and sub-cultured every 96 h. Cells were treated with PH for 72 h (for tyrosinase activity and melanin content assay), and α-MSH (200 nM) and arbutin (100 μM) were used as negative and positive controls, respectively. Human epidermal melanocytes (moderately pigmented donor, HEMn-MP) were purchased from Life Technologies (Carlsbad, CA, USA). The cells were cultured in 254 medium (Life Technologies) supplemented with 1% human melanocyte growth supplements and 1% penicillin/streptomycin in 5% CO~2~ at 37 °C.

4.3. Measurement of Cell Viability {#sec4dot3-ijms-21-04732}
----------------------------------

Cell viability was measured using the MTT assay. Cells were cultured in 24-well plates for 24 h and then treated with 1.57, 3.13, 6.25, and 12.5 µM PH for 72 h. The MTT solution was added to the wells and removed after incubation for 4 h. After washing twice with phosphate-buffered saline (PBS), the formazan crystals formed were dissolved in 1 mL of DMSO. The absorbance was measured at 540 nm using an ELISA reader.

4.4. Measurement of Intracellular Melanin Content {#sec4dot4-ijms-21-04732}
-------------------------------------------------

Cells (5.0 × 10^4^ cells/well) were seeded in 6-well plates for 24 h and then treated with 1.57, 3.13, 6.25, and 12.5 µM PH and α-MSH (200 nM), followed by incubation at 37 °C with 5% CO~2~ for 72 h. After removing the cultured media, the cells were washed twice with PBS and lysed in 1 mL of 1 N NaOH for 1 h at 80 °C. The experiment was carried out in triplicate, and the released melanin was measured using an ELISA reader at 405 nm.

4.5. Measurement of Intracellular Tyrosinase Activity {#sec4dot5-ijms-21-04732}
-----------------------------------------------------

Cells (8.0 × 10^4^ cells/dish) were seeded in 60-mm dishes and incubated for 24 h in the culture medium. Next, the cells were treated with 3.13, 6.25, and 12.5 µM PH, α-MSH (200 nM), and arbutin (100 μM), followed by incubation for 72 h at 37 °C and 5% CO~2~ under humidified conditions. After incubation, the cultured media were removed, and the cells were collected into e-tubes and lysed in RIPA buffer containing a 1% protease inhibitor cocktail. Cell lysates were vortexed every 10 min for 30 min and centrifuged for 25 min at 15,000× *g.* The supernatant was collected, and the protein level was adjusted using a BCA kit. Next, 20 μL of each adjusted protein sample and 80 μL of L-DOPA (2 mg/mL) were mixed in the well of a 96-well plate to perform the tyrosinase activity test. After incubation at 37 °C for 2 h, absorbance was measured at 490 nm using an ELISA reader.

4.6. Western Blot Analysis {#sec4dot6-ijms-21-04732}
--------------------------

Cells (8.0 × 10^4^ cells/dish) were seeded into 60-mm dishes and incubated for 24 h in the culture medium. Next, the cells were treated with 3.13, 6.25, and 12.5 µM PH, α-MSH (200 nM), and arbutin (100 μM), followed by incubation for 1, 2, 3, 4, and 24 h at 37 °C and 5% CO~2~. After collection, the cells were lysed in RIPA buffer containing a 1% protease inhibitor cocktail. The cell lysates were vortexed every 10 min for 30 min and centrifuged for 25 min at 15,000 rpm. The supernatant was collected, and the protein level was adjusted using a BCA kit. The adjusted lysate and 2× Laemmli sample buffer were mixed in an e-tube and heated for 5 min to prepare the sample for Western blotting. Samples containing equal amounts of protein (in 20 μL) were loaded on 10% sodium dodecyl sulfate-polyacrylamide gels for 1 h at 150 V. The separated proteins were then transferred to a polyvinylidene difluoride membrane, which was blocked with 1× TBST containing 5% skim milk for 1 h, and then washed six times with Tris-buffered saline (20 mM Tris base, 137 mM NaCl, pH 7.6) containing 0.1% Tween-20 (TBST). The membrane was incubated overnight at 4 °C with primary antibodies diluted in TBST (1:1000), washed six times with TBST, and incubated with secondary antibodies diluted in TBST (1:3000) for 1 h, followed by washing three times with TBST. The target protein bands were detected using an ECL kit.

4.7. Data Analysis {#sec4dot7-ijms-21-04732}
------------------

All experiments were carried out in triplicate, and the results are expressed as the mean ± SD. Differences between the control and treatment groups were evaluated by one-way analysis of variance (ANOVA) using SPSS (v. 22.0, SPSS Inc., Chicago, IL, USA). The significance value was determined as *p* \< 0.05 (\*), *p* \< 0.01 (\*\*), *p* \< 0.01 (aa), *p* \< 0.01 (bb).
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![Effects of pinostilbene hydrate (PH) on the viability of B16F10 cells. Chemical structure of (**a**) resveratrol and (**b**) pinostilbene hydrate. (**c**) The cells were treated with various concentrations of PH for 72 h. Cell viability is expressed as percentages relative to untreated cells. The data are presented as the mean ± standard deviation (SD) of at least three independent experiments. \* *p* \< 0.05, \*\* *p* \< 0.01.](ijms-21-04732-g001){#ijms-21-04732-f001}

![Effects of PH on melanin production and tyrosinase activity in B16F10 melanoma cells. Cells were treated with PH at the indicated concentrations for 72 h. α-MSH (200 nM) and arbutin (100 μM) were used as a negative control and positive control, respectively. (**a**) The melanin content and (**b**) tyrosinase activity are expressed as percentages relative to untreated cells. All experiments were carried out in triplicate, and the results are expressed as mean ± SD. ^\#\#^ *p* \< 0.01 in comparison with the untreated cell group and \*\**p* \< 0.01. compared with the α-MSH-treated group.](ijms-21-04732-g002){#ijms-21-04732-f002}

![Effects of PH on the protein expression levels of TRP-1, TRP-2, and tyrosinase in B16F10 cells. Cells were treated with the indicated concentrations of PH for 24 h. α-MSH (200 nM) and arbutin (100 μM) were used as a negative and positive control, respectively. Protein levels were examined by Western blotting. (**a**) Western blotting and protein levels of (**b**) TRP-1, (**c**) TRP-2, and (**d**) tyrosinase. Results are expressed as percentages of untreated cells. All experiments were carried out in triplicate, and the results are expressed as the mean ± SD. ^\#\#^ *p* \< 0.01 in comparison with the untreated cell group and \*\* *p* \< 0.01 compared with the α-MSH-treated group.](ijms-21-04732-g003){#ijms-21-04732-f003}

![Effects of PH on MITF expression in B16F10 cells. (**a**) Cells were treated with 12.5 µM PH at different time intervals. (**b**) Cells were treated with the indicated concentrations of PH for 3 h. Protein levels were examined by Western blotting. Results are expressed as percentages of the untreated cells. All experiments were carried out in triplicate, and the results are expressed as the mean ± SD. \* *p* \< 0.05, \*\* *p* \< 0.01.](ijms-21-04732-g004){#ijms-21-04732-f004}

![Effects of PH on phosphorylation of ERK, p38, and JNK. B16F10 cells treated with PH at the indicated concentrations for 3 h. (**a**) Western blotting results and protein levels of (**b**) p-ERK, (**c**) p-JNK, and (**d**) p-p38. Results are expressed as percentages of the untreated cells. All experiments were carried out in triplicate, and the results are expressed as the mean ± SD. \*\* *p* \< 0.01. P: phosphorylated, T: total.](ijms-21-04732-g005){#ijms-21-04732-f005}

![Effects of PD98059, an ERK inhibitor, on tyrosinase activity in B16F10 cells. Cells were treated with α-MSH (200 nM) or PD98059 (10 μM) alone or in combination with or without PH at a single concentration of 12.5 µM. Results are expressed as percentages of the untreated cells. All experiments were carried out in triplicate, and the results are expressed as the mean ± SD. \*\* *p* \< 0.01, ^aa^ *p* \< 0.01, ^bb^ *p* \< 0.01.](ijms-21-04732-g006){#ijms-21-04732-f006}

![Effects of PH on AKT phosphorylation. B16F10 cells were treated with PH at the indicated concentrations for 3 h. (**a**) The Western blotting results and (**b**) protein levels of p-AKT. Results are expressed as percentages of the untreated cells. All experiments were carried out in triplicate, and the results are expressed as the mean ± SD. \*\* *p* \< 0.01. P: phosphorylated, T: total.](ijms-21-04732-g007){#ijms-21-04732-f007}

![Effects of PH on melanin production and tyrosinase activity in normal human melanocytes. Cells were treated with PH at the indicated concentrations for 72 h. α-MSH (200 nM) and arbutin (100 μM) were used as a negative and positive control, respectively. (**a**) The melanin content and (**b**) tyrosinase activity are expressed as percentages relative to untreated cells. All experiments were carried out in triplicate, and the results are expressed as the mean ± SD. ^\#\#^ *p* \< 0.01, compared with the untreated cell group and \* *p* \< 0.05, \*\* *p* \< 0.01, compared with the α-MSH-treated group.](ijms-21-04732-g008){#ijms-21-04732-f008}
